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$\nabla^{2}u=0$ in $D$ , $u=g$ $on\partial D$ (1)
, $d(\geq 2)$
. , Newton
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. , (2) $d$
$d=3$ Coulomb
$E_{j}(z)=E(x_{j}, z)= \frac{1}{|x_{j}-z|}$ , $j=1,$ $\ldots,$ $N$ (3)
$x_{1},$ $\ldots$ , $x_{N}$ ,





$x_{j}=\rho$ exp $(2 \pi i\frac{j-1}{N})$ , $y_{k}=R$ exp $(2 \pi i\frac{k-1}{N})$ $j,$ $k=1,$ $\ldots,$ $N$, (4)
, $D=\{z||z|<\rho,0<\rho<R\}$ , .
, $D$ $\rho<r_{0}$ $u$ , $N$
$u^{(N)}$ $N$
[1, 2, 3];







1( ) $\rho$ $D$
Coulomb
, .
1. $N$ $y_{1},$ $\ldots,$ $y_{N}$ , :
$y_{k}=$ ( $\rho$ sin $\theta_{k}$ cos $\phi_{k},\rho$ sin $\theta_{k}$ sin $\phi_{k},$ $\rho$ cos $\theta_{k}$ ), $k=1,$ $\ldots,$ $N$, (6)
2. $R>\rho$ ( 1):
$x_{j}=$ ($R$ sin $\theta_{j}$ cos $\phi_{j},$ $R$ sin $\theta_{j}$ sin $\phi_{j},$ $R$ cos $\theta_{j}$ ), $j=1,$ $\ldots$ , N. (7)






























$w_{N}=\{z_{1}, \ldots, z_{N}\}$ 2 $e(\alpha, x, y)$ .
$\blacksquare$ ( ) $N$
$w_{N}=\{x_{1}, \ldots,x_{N}||x_{j}|=1,j=1, \ldots,N\}$ (9)
, $\epsilon(\alpha,\omega_{N})$ 2 $e(\alpha,x, y)$ :
$\epsilon(\alpha,\omega_{N})=\sum_{1\leq j<k\leq N}e(\alpha,x_{j},x_{k})$
, (10)
$e(\alpha,x,y)=\{\begin{array}{ll}log \frac{1}{|x-y|} (\alpha=0)|x-y|^{\alpha} (\alpha\neq 0)\end{array}$ $(\alpha\in \mathbb{R}, |x|=|y|=1)$ . (11)
, $|x-y|$ 2 . ,
$\epsilon(\alpha,N)=\{\begin{array}{ll}\sup_{w_{N}\subset S^{2}}\epsilon(\alpha,w_{N}) (\alpha>0)\inf_{w_{N}\subset S^{2}}\epsilon(\alpha,\omega_{N}) (\alpha\leq 0)\end{array}$ $(S^{2}=\{z||z|=1\})$ (12)
$W_{N}$ ( ) .
, ( )
.
( ) $\alpha,$ $N$ .
, $\epsilon(\alpha, N)$ $-2<\alpha<2$ $N$
$\epsilon(\alpha,N)=\{\begin{array}{ll}-\frac{1}{4}\log\frac{4}{e}N^{2}-\frac{1}{4}N\log N+B_{0}N+C_{0}\log N+O(1) (\alpha=0),-\frac{2^{\alpha}}{2+\alpha}N^{2}-B_{\alpha}N^{1-\alpha/2}+C_{\alpha}N^{-\alpha/2}+O(N^{-1-\alpha/2}) (\alpha\neq 0)\end{array}$ (13)
. , Zhou [5] ,
$\epsilon(\alpha,w_{N})$ ,
$\epsilon(\alpha,N)$ , $\alpha=-1,0,1,N\leq 200$ (14)
, (13) $B_{\alpha},$ $C_{\alpha}$ $\epsilon(\alpha, N)$
$(\alpha=-1,0,1)$ .
,
$N$ , ( )
Generalized Spiral Points .
5
Pa2 $Generali_{\mathbb{Z}}edSpiralPoints(*N=64, BN=1000, C=3.6)$
$\blacksquare Generalized$ Spiral Points
,
$h_{k}=-1+2 \frac{k-1}{N-1}$ $(k=1, \ldots,N)$ , (15)
$\theta_{k}=arccoe(h_{k})$ , (16)
$\phi_{k}=\{\begin{array}{ll}0 (k=1,N)\phi_{k-1}+\pi c\sqrt{1-h_{k}}^{1} (k=2, ,N-1)\end{array}$ (17)
, {( $\sin\theta_{k}$ cos $\phi_{k}$ ,sin $\theta_{k}$ sin $\phi_{k}$ ,cos $\theta_{k}$ ), $k=1,$ $\ldots,$ $N$} Gener-









, Generalized Spiral Points
, , 1
, .
$\blacksquare Generalized$ Spiral Points
1. $C=3.6$ Generalized Spiral Points
$z_{k}=$ ($\sin\theta_{k}$ cos $\phi_{k}$ , sin $\theta_{k}$ sin $\phi_{k}$ , cos $\theta_{k}$ ), $k=1,$ $\ldots,N$ (18)
$\rho$ :
$y_{k}=\rho z_{k}$ , $k=1,$ $\ldots,$ $N$ (19)
2. $R>\rho$ :










$R>1$ , , . 1 ,
, .
, .
Generalized Spiral Points .
7
3$\bullet$
Generalized Spiral Points ( )
, ,
Slot Womersley $[7, 8]$ $\alpha=-1$
. Womersley
,
, 2003 1 24
.
$\bullet$











$N$ $\sqrt{N}$ , .
, 4
. ,























$r_{0}$ $\tau$ , $R$ .
9
4$u(z)=r$ cos 9, $N=4\sim 256$ 18 , General-
ized Spiral Points $N=4,5,$ $\ldots,256$ .
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, 3 ,
, Generalized Spiral Points
, ,














. , ( )
.
, ( ) ,
Generalized Spiral Points ,
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